I. INTRODUCTION
The mathematical description of most physical systems leads to higher order differential equations which are difficult to use either foranalysis or controller synthesis. It is hence useful and sometimes necessary to find the possibility of finding some equation of the same type but of lower order that may be considered to adequately reflect the dominant characteristics of the system under consideration. Numerous methods are available in the literature for order reduction of linear continuous systems in time domain as well as in frequency domain [1] - [3] . Basing on the simplicity and amicability the frequency domain dependent methods have become more prominent. Transfer function reduction methods are one of the important groups in the frequency domain category.
A popular approach, known as Pade approximation method [4] - [5] for deriving reduced order models has been based on matching of the time moments of original and reduced order Systems. A serious drawback of this method is generating unstable reduced model for a stable higher order model. To overcome this problem Shoji et al [6] suggests using a least squares time moment to obtain a reduced transfer function denominator, and numerator by exact time moment matching. This method has been refined by Lucas and Beat [7] , in which the linear shift point was about general point 'a', where a≈(1-α) and -α is the real part of the smallest magnitude pole. Further the method of model order reduction by least squares moment matching was generalised [8] by including the markov parameters in the process to cope with a wider class of transfer function. On the other hand, Aguirre [9] has argued that one of the chief advantages of the least squares Pade (LS-Pade) method is that additional information concerning the original system over the mid-frequency range is included in the simplified model, and consequently better approximations are often obtained. Recently Parmar and Prasad et al [10] entendedthe concept of order reduction by least squares moment matching and generalised least squares methodsabout general point 'a' in order to have better approximations,Some heuristic criteria was employed for selecting the linear shift point 'a', based upon the means (arithmetic, harmonic and geometric) of real parts of the poles of higher order system.In spite of the significant number of methods available, no approach always gives the best results for all systems. Almost all methods, however aim at accurate reduced models for a low computation cost. In addition it is desired to preserve the stability of the original model; i.e., given a stable high order model, the reduced order model should also be stable.
To overcome these difficulties in this paper, the concept of order reduction by generalised least squares method has been improved in order to have better approximations of high order linear timeinvariant dynamic systems for a low computational cost. The relative mapping errors between the original and reduced models are determined, time and frequency responses are plotted to show the effectiveness of the method. Let the transfer function of the original high order linear dynamic SISO system of order 'n' be:
And Let the corresponding r th order reduced model is synthesized as:
Further, the method consists of the following steps.
Step 1:Determination of the denominator coefficients of reduced order model : Expand ‫ܩ‬ ሺ‫ݏ‬ሻ about s=0, to obtain the time moment proportional ሺ‫ܥ‬ ሻ are given by
Similarly Expand‫ܩ‬ ሺ‫ݏ‬ሻabout ‫ݏ‬ ൌ ∞, to obtain the markov parameters ‫ܯ(‬ ) are given by:
Evaluating Eq.(2) and(3) to retain 't' Time moments of the original model in the reduced model gives the following set of equations:
Evaluating Eq.(2) and(4) to retain 'm' Markov parameters of the original model in the reduced model gives the following set of equations:
Step 2: Elimination of ݀ (j=0,1,......r-1) in Eq. (7) by substituting Eq. (5) gives the reduced denominator coefficients as the solution of:
‫ڮ‬ ሺͺሻ (or) Pe = q in matrix vector form Eq. (8) is equivalent to equating all the significant time moments (ܿ ሻ and markov parameters ‫ܯ(‬ ሻof ‫ܩ‬ ሺ‫ݏ‬ሻ. Where ݅ ൌ Ͳǡͳǡ ‫ڮ‬ ǡ ‫ݐ‬ െ ͳ ݆ܽ݊݀ ൌ ͳǡʹǡ ‫ڮ‬ ǡ ݉Ǥ
Step 3: Calculation of 'e' from this non square system of equation (8) can only done in the least square sense, i.e.:
Step 4: Finally the reduced denominator is obtained as:
Step 5: Hence from Eq(5) the reduced numerator polynomial is obtained as:
III. RELATIVE MAPPING ERRORS
The relative mapping errors of the original model relativeto its Reduced model are expressed by means of the relative integral square error criterion, which are given by [11] :
Where, ‫ܪ‬ሺ‫ݐ‬ሻ and ‫ܩ‬ሺ‫ݐ‬ሻ are the impulse and step responses of original system, respectively, and ‫ܪ‬ ሺ‫ݐ‬ሻ and ‫ܩ‬ ሺ‫ݐ‬ሻ are that of their approximants.
IV.NUMERICAL EXAMPLES
Two numerical examples are chosen from the literature to show the flexibility and effectiveness of the proposed reduction algorithm than other existing methods, and the response of the original and reduced models are compared.
Example-1: Letus consider the system described by the transfer function [12] :
For which a second order reduced model ܴ ଶ ሺ‫ݏ‬ሻ is desired.
Step Step-2: Taking t=4 time moment proportional's and m=0 markov parameters of ‫ܩ‬ ସ ሺ‫ݏ‬ሻ in Eq. (8) gives the reduced denominator coefficients as the solution of :
Step-3:The reduced denominator coefficients from Eq. (18) are obtained using Eq. (9):Therefore,
Step-4: After obtaining the reduced denominator the numerator coefficients are determined by matching the first (r-1) time moments of the system to the reduced model via the first (r-1) of Eq.(5).
Therefore finally 2 nd order reduced model is obtained as:
The proposed method produces quite different reduced models gives the results as shown in Table I , where't' time moments and 'm' markov parameters are used to calculate the denominator and the numerator is determined by matching the first (r-1) time moments of the original system. 
Example-2:
Consider a fifth order system described by the transfer function [17] :
By using proposed methodgives the result as shown below, where t=3 time moment proportional's and m=1 markov parameters of ‫ܩ‬ ହ ሺ‫ݏ‬ሻ are used in Eq. (8) and Reduced denominator coefficients from Eq.(9) are obtained as :
By matching (r-1) time moments of the original system to the reduced model via the first (r-1) of Eq.(5) the denominator coefficients are obtained as:
ܰ ሺ‫ݏ‬ሻ ൌ ͷ‫ݏ‬ ͷǤʹͻͲʹͶ ‫ڮ‬ ሺʹ͵ሻ Therefore, finally ܴ ଶ ሺ‫ݏ‬ሻ is given as:
The second order models generated to Eq. (21) gives the results as shown in Table III , for different 't' time moments and 'm' markov parameters are used to calculate the denominator and the numerator is determined by matching the first (r-1) time moments of the original system to the reduced model via the first (r-1) of Eq.(5). The concept of order reduction by generalised least squares method has been improved and employed to determine the reduced denominator polynomials and numerator polynomials are obtained by matching initial time moments of the original model. The proposed method generates better approximations of a higher order linear, time invariant dynamic systems. The relative step and impulse mapping errors between the original and reduced order models are also determined and plotted with respect to time. A comparison of these mapping errors for the proposed reduction method and the other well known existing order reduction techniques is also given, from which it is clear that the proposed method compares well with the other existingtechniques. The results show that the proposed method leads to good and stable reduced models for linear time invariant systems.
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